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Abstract
Seagrass beds, a major feature of shallow marine and estuarine areas in tropical and temperate zones 
worldwide, play important ecological roles, including provision of oxygen, sediment stabilization, 
seawater purification, and provision of nursery habitats for many fishes and crustaceans, including 
some commercially important species. In recent years, however, seagrass beds have drastically 
declined worldwide, mainly due to anthropogenic impacts (e.g. marine pollution) resulting from 
increased coastal populations. The decline of a seagrass bed often affects not only immediate popula-
tions of seagrass bed-associated organisms but also those in other habitats, thereby having potentially 
negative influences on biodiversity and local fisheries. In order to protect seagrass ecosystems, envi-
ronmental education, management of human activities that stress seagrass ecosystems, and establish-
ment of appropriately protected areas, are urgently required.
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Introduction
Seagrasses are vascular plants that grow on shallow 
sandy substrates along coastal margins in tropical, tem-
perate and subarctic marine waters. About 60 species 
are known to date, 21 having been recorded from the 
Kuroshio region, ranging from the Philippines to Japan 
(Green and Short, 2003; Kuo et al., 2006). Such a high 
species richness is probably related to the Kuroshio cur-
rent that extends from the centre of seagrass origin in 
Malaysian/Indonesian waters (Mukai, 1993).
Seagrass beds function variously in coastal eco-
systems (see reviews by Hemminga and Duarte, 2000; 
Duarte, 2002). Seagrasses absorb carbon dioxide from 
and provide oxygen to water and sediments through 
photosynthesis, in addition to the roots stabilizing sedi-
ments and the leaves preventing eutrophication of sea 
water by trapping suspended solids and absorbing inor-
ganic salts, thereby contributing to water purification 
in coastal regions. Seagrasses also constitute important 
food resources for herbivores, such as fishes, sea urchins, 
turtles and dugongs. Furthermore, seagrass beds are used 
as habitats by various animals, such as crabs, shrimps 
and fishes, including some commercially important spe-
cies. 
Although seagrass ecosystems are widely recog-
nized as important features of coastal zones, seagrass 
decline is a common worldwide phenomenon, including 
in the Kuroshio region. Accordingly, an understanding 
of seagrass ecosystems and the impacts of anthropogenic 
stressors on them is urgently required, being a basic 
requirement for effective management and conserva-
tion of such ecosystems and regional fisheries resources. 
This paper provides a review of recent research on sea-
grass ecosystems, with special reference to the Kuroshio 
region, and discusses future challenges for their conser-
vation.
1. Seagrass Ecosystems in the Kuroshio region
Seagrasses, which can form dense submerged veg-
etation, increase the available substrate surface for inhab-
iting fauna, such provision of shelter and living space 
being amongst the most important functions of the bed 
(Nakaoka, 2005). Differentiation of the plant body into 
leaves, stems, rhizomes and roots increases the microhab-
itat diversity, enabling the support of a greater diversity 
of animals compared to unvegetated bare substrata (e.g., 
Connolly, 1994; Edgar and Shaw, 1995a; Horinouchi 
and Sano, 1999; Nakamura and Sano, 2004). In general, 
40
Status of seagrass ecosystems in the Kuroshio Region
polychaetes and small crustaceans, such as harpacticoid 
copepods, gammaridean amphipods and tanaids are 
dominant invertebrates in seagrass beds in American and 
Australian waters (e.g., Howard et al., 1989; Edgar and 
Shaw, 1995a), and similarly so off Japan (e.g., Kikuchi, 
1966; Nakaoka et al., 2001; Nakamura and Sano, 2005; 
Yamada et al., 2007).
The diets of fish assemblages in seagrass beds 
have been examined at numerous locations worldwide 
(e.g., Bell and Pollard, 1989; Edgar and Shaw, 1995b), 
including a few in the Kuroshio region. Kikuchi (1966) 
and Horinouchi and Sano (2000) investigated the food 
habits of fishes collected in Zostera marina beds, and 
found that small crustacean feeders and planktonic-
animal feeders were the most abundant by number, the 
most important food item for the seagrass fish assem-
blage being gammaridean amphipods, calanoid cope-
pods and errant polychaetes. Nakamura et al. (2003) 
also found a dominance of small-crustacean feeders in 
an Enhalus acoroides-dominated bed in the southern 
Ryukyu Islands. However, compared with the Zostera 
bed fishes, the latter fish assemblage was characterized 
by higher species numbers of detritivores, herbivores and 
piscivores, and fewer planktonic-animal feeders. 
On the basis of the relative abundance and occur-
rence of fish species in Zostera marina beds in Japan, 
Kikuchi (1966) classified species as (1) permanent resi-
dents – fishes residing all year, (2) seasonal residents – 
fishes residing only for a season or life history stage, (3) 
transients – fishes occurring in the bed in the course of 
foraging over a variety of habitats, and (4) casual spe-
cies – fishes appearing only occasionally in the seagrass 
habitat. Similar classifications were adopted to describe 
fish-seagrass associations elsewhere in temperate (see 
reviews by Kikuchi, 1982; Horinouchi, 2003) and 
tropical seagrass beds (Kochzius, 1999; Nakamura and 
Tsuchiya, 2008) (Fig. 1) in the Kuroshio region.
Many of the seasonal residents that use seagrass 
beds as nursery or juvenile habitats (Beck et al., 2001) 
are important commercial species (Jackson et al., 2001). 
In the Kuroshio region, seagrass beds in the Ryukyu 
Islands are clearly utilized temporally for juvenile habi-
tats by a number of coral reef fishes, including commer-
cially valuable species of Scaridae, Siganidae, Lutjanidae 
and Lethrinidae (Kanashiro et al., 1999; Nakamura and 
Tsuchiya, 2008). Similar circumstances exist in the 
Philippines seagrass beds (Kochzius, 1999). On the other 
hand, temperate zone seagrass beds off the Japanese 
coast provide nursery areas for commercial species such 
as Pagrus major, Sebastes oblongus, and Lateolabrax 
japonicus (Kikuchi, 1974, 1982). These phenomena 
illustrate the importance of seagrass beds for the produc-
tion of fishery resources in the Kuroshio region. 
2. Seagrass Decline in the Kuroshio Region
Seagrass beds are presently declining in tropical and 
temperate zones worldwide (Orth et al., 2006), the docu-
mented loss of seagrass from direct and indirect human 
impact amounting to 33,000 km2 (18% of the docu-
mented global seagrass area) over the last two decades 
(Walker et al., 2006). The main factor in the destruction 
of seagrass beds around the world is human disturbance, 
including coastal development and the worsening of 
water quality (Orth et al. 2006), amounting to more than 
70% of total global seagrass bed loss during 1970-1994 
(Short and Wyllie-Echeverria, 1996).
The Environmental Agency and Marine Parks 
Center of Japan (1994) reported seagrass areas in Japan 
as extending over 51,541 ha in 1978, reducing to 49,464 
ha by 1991. Such decline was mainly due to the direct 
changes made to the coastal environment through land-
Fig. 1   Patterns of seagrass habitat use by fishes in the Ryukyu Islands
(a) permanent residents; Acreichthys tomentosus in Enhalus acoroides-dominated beds at 
Iriomote Island, (b) seasonal residents; Lethrinus obsoletus in Thalassia hemprichii-dominated 
beds at Ishigaki Island, (c) transients; Parupeneus ciliatus (center) and  Parupeneus indicus in 
Halodule uninervis-dominated beds at Amami Oshima Island
41
Y. Nakamura
fills. In the Philippines, thousands of hectares of seagrass 
beds have been lost as a result of eutrophication, pol-
lution and dragging, and land reclamation for housing, 
airports and shipping facilities (Green and Short, 2003). 
The decline of seagrass beds has had a negative 
influence on seagrass-associated organisms. Azuma 
(1981) compared the fish fauna in seagrass beds in three 
bays in Okayama Prefecture, Central Japan (Kurashiki, 
Ajino, Tamano), which differed in the degree of seagrass 
growth due to differing degrees of human disturbance, 
such as water pollution. In 1924, Ajino and Kurashiki 
had broad seagrass beds. However, the seagrass area had 
halved in Ajino and almost disappeared in Kurashiki 
by 1971. Figure 2 shows the ratio of dominant species 
occurring in the seagrass beds in Kurashiki, Ajino and 
Tamano in 1924 and 1971. Tamano, which alone had 
healthy seagrass beds, harbored many permanent resi-
dents such as Rudarius ercodes, and seasonal residents 
such as Lateolabrax japonicus, in 1971, fishes which had 
been dominant in seagrass beds in Kurashiki and Ajino 
in 1924. However, such fishes had disappeared from the 
latter locations by 1971, being replaced by mud fishes, 
such as Acentrogobius pflaumii. This demonstrated that 
most seagrass-associated fishes disappear with seagrass 
habitat degradation and the accompanying loss of living 
space and food resources, the fish assemblage structure 
instead becoming similar to that of sandy-mud bottom 
habitats (Fig. 3, see also Horinouchi, 2007). In addition, 
invertebrate density was lowest in Kurashiki in 1971 
(Azuma, 1981). 
Seagrass bed loss also leads to declining densi-
ties of adult fishes in other habitats, but dependent upon 
a seagrass habitat nursery period (Nagelkerken et al., 
2002). Dorenbosch et al. (2006) found higher adult den-
sities of the commercial species Cheilinus undulates 
on coral reefs adjacent to seagrass beds than on coral 
reefs without the latter, evidence for the importance of 
seagrass beds as a nursery habitat for coral reef fishes. 
Nakamura and Tsuchiya (2008) also suggested that the 
presence of extensive seagrasss habitats enhances adult 
densities of Lethrinus species on adjacent coral reefs in 
the Ryukyu Islands. Because Lethrinus species are very 
important commercially in the southern Kuroshio region 
(Carpenter and Allen, 1989), the loss of seagrass nursery 
areas could have significant negative impacts on regional 
fisheries as well as coral reef biodiversity.
3. Challenges for Seagrass Conservation
The main large scale threats to seagrass ecosystems 
will continue to result from human activities, through 
direct disruption of coastal zones, changes in land use, 
and continuing inputs of silt, nutrients and sewage to the 
Fig. 2   Relative abundance (%) of dominant fishes in the seagrass beds at Kurashiki, Ajino and Tamano Bays, 
Okayama Prefecture, Central Japan in 1924 and 1971
1924 data for Tamano Bay unavailable; Asterisk indicates fishery important species.
Fig. 3   Transition process of a seagrass fish assem-
blage structure with progressive seagrass 
decline
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coastal zone (Duarte, 2002).  It is important, therefore, 
to determine how to apply the findings of basic scientific 
research in such a way as to resolve the present crisis of 
seagrass ecosystems (Kenworthy et al., 2006). The fol-
lowing three proposals should provide for effective man-
agement and conservation of seagrass ecosystems: 
(1) Education–It is important for local residents to 
“understand” and “be aware” that the protection of 
seagrass beds is strongly linked to the maintenance of 
their livelihood. The lack of appreciation of the role of 
seagrass beds and the effects of various activities result 
in many of the latter being done without due regard to 
possible social and economic consequences, even though 
such activities are not usually aimed at the direct destruc-
tion of the beds. For example, emperor fishes (family 
Lethrinidae), which use seagrass beds as nursery habi-
tats, are the most commonly landed commercial species 
in Okinawa Prefecture, southern Japan (Ohta, 2008). 
Loss of the local seagrass beds would deprive Okinawa 
of its main fishery resource. The highlighting of such 
risks through environmental education targeted at local 
residents is the first step for preserving seagrass ecosys-
tems, and is important for gaining a consensus from local 
residents in conservation and management actions.
(2) Management of human activities–It is important to 
specify measures for countering human activities that 
produce burdens on seagrass ecosystems. For example, 
since the 1970s, Okinawa Prefecture has implemented 
intensive public projects, including the development of 
roads, ports and agricultural land. As a result, consider-
able sedimentation has accumulated in several coastal 
areas (Omija, 2006). Seagrasses in shallow protected 
coastal waters directly affected by such sedimentation 
are highly susceptible to such input. Indeed, the environ-
mental effects of excess nutrients or sedimentation are 
the most significant causes of seagrass decline (Orth et 
al., 2006). Although reports on the considerable decrease 
of Okinawan seagrass beds are lacking, some seagrass 
beds are declining due to sedimentation (Toma et al., 
1991; The Environmental Agency and Marine Parks 
Center of Japan, 1994). Therefore, it is necessary to 
minimize sediment loss to the sea. One of the best exam-
ples of water quality management in such a case is in 
Chesapeake Bay, the largest estuary in the United States, 
where scientists, managers and the public have collabo-
rated to conserve seagrasses through heightened water 
quality criteria and protection (Dennison et al., 1993).
(3) Marine Protected Areas–The number of marine 
protected areas (MPAs) including seagrass beds has 
increased rapidly in recent years (Green and Short, 
2003). However, in the majority of them, seagrasses are 
neither acknowledged nor directly protected. Although 
a few MPAs have been established to directly protect 
seagrass beds, other associated habitats have not been 
afforded concurrent protection. For instance, the protec-
tion of seagrass beds that may be significantly affected 
by coastal developments requires appropriate foreshore 
conservation and management. The Egyptian coral reef 
management technique, in which an MPA includes not 
only the sea but also the adjacent land, is a good example 
of this (Jobbins, 2006). In addition, seagrass beds are 
linked to adjacent fish habitats through feeding and 
ontogenetic migration. Clearly, any assessment of future 
protective measures for seagrass habitats should neces-
sarily include assessments of adjacent habitats, including 
the connectivity among them (see also Mumby and 
Harborne, 2006).
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